Serosal application of carbachol to Tg cell monolayers mounted in an Ussing chamber caused an immediate increase in short circuit current (I,) 
Introduction
Previous studies suggest that acetylcholine regulates intestinal ion transport (1) (2) (3) (4) (5) (6) . However, these studies were performed using intact mucosa or intestinal loops, and both tissues contain neuroendocrine elements (2, 3) . In fact, findings that the cholinergic agent, carbachol, causes electrolyte absorption may be due to its ability to release adrenergic agonists from neural tissue in the gut and not due to a direct effect of carbachol on the intestinal epithelium (4) .
In the present study, we sought to determine the direct cholinergic effect on intestinal epithelial transport by using a welldifferentiated colonic epithelial cell culture, the T84 cell line.
The advantages of studies with this cell line are that it contains Address correspondence to Dr. Dharmsathaphorn. Receivedfor publication 26 July 1985.
a single cell type and is devoid of neural elements and peptide hormones. Furthermore, monolayers of this culture allow accessibility of both the apical and the basolateral surface, giving precise localization for receptors and transport pathways. Our previous studies indicate that the T8 cell line becomes well differentiated when grown to confluence on permeable supports. The resultant monolayers have a columnar epithelial appearance and retain receptor-mediated electrolyte transport mechanisms (7, 8) . In particular, prostaglandin El (PGEI),' vasoactive intestinal polypeptide (VIP), carbachol, and A23 187 cause increased short circuit current (I,,), and Cl-secretion (9) (10) (11) (12) . In addition, the Cl-secretion depends on the Na', K+, Cl-co-transport, the Na', K+-ATPase and K+ efflux pathways on the basolateral membrane, as well as on a Cl-transport pathway on the apical membrane (9) (10) (11) (12) (13) (14) . Because the Cl-secretory processes are similar to those found in intact intestinal mucosa, we chose T&4 cell monolayers to study the mechanism of carbachol-induced Clsecretion in intestine.
Methods
Growth and maintenance of T84 monolayers, transepithelial electrolyte transport studies, 'Cl-uptake studies, ssRb+ efflux studies, and measurement of cAMP follow similar procedures as described previously (9-1 1). Free cytosolic calcium measurements. Monolayers were dispersed with 0.1% trypsin and 0.9 mM EDTA in Ca+-and Mg++-free phosphatebuffered saline solution for 15 min at 37°C, then washed with and incubated at 37°C in the cell culture medium in an untreated petri dish. In the untreated petri dish, the Tu cell would not attach but would recover from the trypsinization procedure. After 18 h, these dispersed cells were then loaded with Quin-2/AM in a solution containing 20 mM Hepes (pH 7.4), 120 mM NaCl, 5 causing maximal stimulation (Fig. 2) . 100 tiM carbachol was therefore used in all subsequent studies.
Results of unidirectional Na' and Cl-fluxes are summarized in Table I . Previous studies demonstrated that net fluxes and ISC in the absence of added secretagogues remained constant at or near zero for > 100 min (9) (10) (11) (12) , and thus, each monolayer served as its own control in this study. After the addition of 100 tiM carbachol, serosal to mucosal flux ofCP-increased, while mucosal to serosal flux remained stable, resulting in net Cl-secretion. No effects were observed on the unidirectional or net Na' fluxes.
Therefore, the carbachol-induced increase in I,,, results from net Cl-secretion. Similar to the change in IS, Cl-secretion induced by carbachol in the T84 cells was also transient, lasting only -10 min.
In isolated intestine, the effects ofcarbachol on Cl-secretion usually last > 10 min (3) (4) (5) . Because (10 tM), and VIP (10 nM) each caused a peak increase in IS, of 17±2, 22±3, and 22±6 MA/ cm2, respectively, at 5 min of incubation (n = 5 each). At 5 min incubation, the combination of 100 ,uM carbachol with 10 AM PGEI or 10 nM VIP caused a peak increase in ISC of 52±7 and 68±9 MA/cm2, respectively (n = 5 each). Thus, the response with carbachol plus PGE1 or VIP was greater than the expected additive response (P < 0.05). More importantly, the potentiating response caused by PGEI persisted in monolayers preincubated with carbachol for > 15 min (Fig. 3) . Similarly, VIP potentiated the carbachol response even when the monolayers were preincubated with 100 MM carbachol for 30 min. The increase in Ir oo 7 6 5 4 -Hog [CARBACHOL) (M) Figure 2 . Graded dose effect of carbachol on the changes in I., Car- bachol was added to the serosal reservoir in concentrations shown.
The peak Ir that occured after the addition of carbachol was expressed as mean±SE of four monolayers in each group. Only one concentration was added to each monolayer. (9) (10) (11) (12) (13) (14) . In addition, these studies also indicated that bumetanide and barium inhibit the Na', K+, Cl-cotransport system and a K+ channel, respectively. To identify the electrolyte transport pathways involved in the Cl-secretory process induced by carbachol, the effect ofcarbachol on the I,, was tested in the presence of these inhibitors. Bumetanide was used as an inhibitor for the Na+, K+, Cl-co-transport pathway, while barium was as an inhibitor for the K+ channels. Cl-channels were not tested because we could not identify a suitable blocker for the Cl-channels in this cell line. As demonstrated previously for PGEI and VIP (9, 1 1), serosal application of 0.3 mM bumetanide inhibited Clsecretion induced by carbachol (Fig. 4) . This result suggests that the Na+, K+, Cl-co-transport serves as the Cl-uptake pathway on the basolateral membrane. In contrast to PGEI or VIP (10, into the mucosal bath was -10-20-fold smaller than that into the serosal bath. The addition of carbachol (added to both sides) TIME (minutes) dramatically increased the rate of '6Rb+ efflux into the serosal effect of carbachol on 3Cl-uptake across the apical bath for 10 mm. The rate of 86Rb+ efflux into the mucosal uent monolayers grown on permeable supports simibath also increased during this initial 10 min, although the magn the Ussing chamber were preincubated in KCI and nitude of increase is quite small. These increases in 86Rb+ efflux uffer as described previously (13) .3Cl-uptake occurred simultaneously with the increase in I.. The increase nembrane was carried out in uptake buffer consistin basolateral membrane 86Rb+ efflux rate by carbachol was not a gluconate, 20 mM Tris-Hepes, 1 mM Ca glucoinhibited by prior addition of 3 mM BaCQ2, which completely [uconate, 0.5 mM ouabain, 0.1 mM bumetanide, inhibited PGE1 or VIP-stimulated ssRb+ efflux. The results sugl-(final concentration, 6 mM) with or without gest that carbachol stimulated K+ efflux across the basolateral identical buffer, without added 6CI-, was added Si-.
identical buffer, withou addedC wasaddmembrane via a K' transport mechanism that is distinct from he basolateral side. Uptakes were carried out at the icated on the horizontal axis at room temperature' th e in the the mag e of VIP.
g by dunk washing in four successive 1-liter contain-
We then compared the magnitude of 86Rb+ efflux and the tte-sucrose buffer. Results are the mean±SE of six ISc (which reflects Cl-secretion) induced by carbachol, PGOI, :h time point. Carbachol had no effect on Cl-uptake or their combinations (Fig. 7) . The carbachol-induced 86Rb+ nental condition.
efflux was relatively large in magnitude as compared with that 
